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ABSTRACT

SENSING AND ANALYSIS OF VIBRATIONS OF TREMOR
Divya Uppuluri, M.S.
Department of Electrical Engineering
Northern Illinois University, 2014
Dr. Donald Zinger, Director

Tremor is defined as the unintentional involuntary muscle movements involving rhythmic
oscillations of any part of body like legs, hands, arms and limbs. This thesis deals with the most
common tremor that occurs in hands. Tremor is not life threatening but greatly affects quality of
life.
The main purpose of this research is to identify a feedback control technique for the
suppression of essential tremor. Tremor can be defined as the nonlinear and no stationary
phenomenon which is the most common movement disorder affecting more than 4% of elderly
people.
In this research, a tremor is simulated using a stepper motor and is being sensed using a
gyroscope. The Arduino UNO board is used to obtain the tremor data that is being sensed by a
gyroscope. Designing and implementing the controller based on the obtained tremor
characteristics is the central part of the research. The simulation results are analyzed in the
National Instruments LABVIEW software and another stepper motor is used to control the
tremor. The long-term results are expected to lead toward a suppressed tremor without disturbing
the voluntary motion of the hand.
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CHAPTER 1

INTRODUCTION
1.1 Rationale
This thesis aims at sensing and analyzing the angular vibrations of essential tremor.
Parkinson Disease was first described by a British physician Dr. James Parkinson, who wrote the
details in a medical essay entitled “An Essay of Shaking Palsy” that was published in 1817. He
then described this tremor as “involuntary tremulous motion, with lessened voluntary muscular
power, in parts, not in action”. [1] Nearly 200 years later and there are still many unanswered
questions about essential tremor. Medical therapies may reduce tremor to some extent but there
is no permanent cure. Researches have been made to develop a control system that can
counteract the tremor vibrations. In order to counteract the tremor, the tremor characteristics
must be analyzed, which is the main purpose of this thesis.

1.2 Literature Review
According to the literature review done, it was found that everyone has tremor, but each
person has a different level of involuntary movement [2]. The movement for a healthy person
should be typically small (physiological tremor), but for a neurologically diseased person, such
as a Parkinson's disease sufferer, there is a significant hand tremor movement where the patient
cannot control the movement [3] [4]. Human involuntary hand tremor frequency occurs at low
frequency which is in the range of 1.5 Hz (cerebellum lesions) to 25 Hz (normal hand
tremor) [2] [3]. The frequency of the postural tremor may be identical with or higher than that of
the rest tremor [5].
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In studying the human hand tremor behavior, the acceleration movements caused by the
oscillations of the hand are measured using accelerometers. Norman et al. performed the
measurement of tremor using a velocity transducer and proposed that the displacement tremor
oscillates between + 4mm, velocity at + 200 m/s and acceleration in the range + 10 m/s [4] [5].
From the above findings and other research, it can be concluded that the acceleration amplitude
for postural tremor of Parkinson's patient is in the range of +10 m/ and displacement amplitude is
in the range of + 5mm. The frequency and amplitude of tremor oscillations have an inverse
relation in which the frequency will increase with the decreasing of tremor amplitude. From the
literature review, it is found that the frequency of human postural tremor in Parkinson's occurred
at low frequency coherence in the range of 5 to 12 Hz [3] [4].
A pharmaceutical called "Propranolol" is the treatment of choice for essential tremor, the
minimum dose of which is able to decrease tremors, especially in the head and hands [3] [4]. A
lot of factors may trigger the tremor in humans, for example, during mental stress, stroke, certain
drug usage, family history of tremor, alcohol and others [6]. Drinking coffee may also cause
hand tremor because of the caffeine ingredient in the coffee. Caffeine can stimulate many
neuroreceptors, including adenosine receptors in the central nervous system [3] [4].
Biomechanical loading has been surfacing as a potential alternative in suppressing the tremors in
ET and PD patients and have drawn considerable interest amongst researchers in the past.
Various approaches have been explored by researchers to design an orthotic device which will
help in alleviating or suppressing the effects of tremors through biomechatronics.
Previous attempts have employed techniques like viscous damping and addition of inertia
[7] [8] to suppress tremors but suffered from problems of attenuation of the total motion of hands
and a requirement of considerable muscle strength in the patients. Hall [8] suggested an active
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control of human motion disorder through a linear variable displacement transducer (LDVT)
which will measure linear displacement and the use of the accelerometer to control the motion;
however, this proof mass concept didn't take into account with the decoupling of gravity signal
[8]. Lavu proposed an exoskeleton called a Wearable orthotics for tremor assessment and
suspension (WOTAS) which makes use of gyroscopes and strain gauges in a Wheatstone bridge
as force sensors. The two approaches used in WOTAS to control the motion of hands are
impedance count frequency of human postural tremor in Parkinson's at low frequency coherence
in the range of 5 to 12 Hz roll and notch filtering in the tremor frequency [9]. Gupta and Lavu
[10] simulated tremor signal on a beam and on an artificial arm. They developed a PID controller
in Matlab, Simulink and deployed on a DS1104 processor using a space control desk. It was
observed that reduction of vibration in aluminum beam was more when compared to the artificial
arm because the weight of the aluminum beam is less when compared to the weight of the
artificial model. Piezoelectric actuators were implemented successfully to control the tremor.

1.3 Previous Work
1.3.1 Rakesh Valusa: Simulink Representation of Active Control of Human Hand Tremor
of Parkinson's Disease
In this research, the tremor input and the voluntary input characteristics were analyzed in
order to design a tremor suppression model. With the study of dynamic equations of human arm,
the mathematical modeling of the human arm was designed. The transfer function of the hand
plant model is deduced and the feedback control technique is used. PID and PD controllers are
designed and simulated. It was found that the PID controller doesn't suppress the tremor as
desired. Hence, a PD controller is used instead of a PID controller to actively control the tremor.
The output of the PD control is a torque command that is used to suppress the tremor. The pole-
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zero cancellation technique is used in conjunction with Bode plots to determine the controller
gains. The gains are chosen such that the bandwidth of controller is 60Hz.
The controller transfer function is deduced and calculated by using the controller gain
values. The Simulink model as shown in Figure 1 is built with the plant model and controller as
feedback. Figure 2 shows the schematic of the same. A Butterworth band-pass filter of first order
is designed to filter out the noise and the voluntary motion signals for the 60Hz bandwidth
controller. The Simulink model is simulated three times. These signals include tremor signal
only, voluntary motion only and both signals together. When the simulation is done with only the
tremor signal, it was observed from Figure 3 that the deflection output of the arm has been
suppressed in the steady state. When simulated with only voluntary motion, the model response
was as desired. When stimulated with both the tremor signal and voluntary motion signal, the
tremor was able to suppress the tremor oscillation while maintaining most of the desired
voluntary motion. This was the main purpose of this thesis. Also, it was found from the graphs
shown in Figure 3-5 that the arm inertia and motor inertia of the system did not change when the
system is simulated without control and with control.

5

Figure 1:R. Valusa’s proposed control technique I [9]

6

Figure 2: R.Valusa’s Simulink schematic model [9]

Figure 3: Deflection of arm with only tremor in Valusa's model [9]

7

Figure 4: Deflection of arm with only tremor and control in Valusa's Model [9]

Figure 5: Controller output torque for tremor and control in Valusa's model [9]

1.3.2 Sandeep Ghanti: Suppression of Essential Tremor
In this thesis, a closed-loop control system involving sensors, actuators and data
acquisition system was designed applying a feedback control technique. Each of them has their
own priority; the sensor should read appropriate values, the actuator should produce high torque
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and finally data acquisition system should be more reliable as it should be able to receive
samples at higher rates.
An aluminum hand model has been designed similar to the lengths (0.31m for upper arm
and 0.34m for lower arm) and weights (1.93kg for upper arm and 1.52kg for lower arm) of the
average human arm. The upper and lower arm cuffs were designed and a sensor (accelerometer)
was placed on the lower human arm to sense out the tremor. The signals received from the sensor
were used for signal processing and given to the Arduino. The program to the microcontroller
board was fed into the Arduino board through a USB connection from the computer. The
programming was done in National Instruments LabVIEW software and the block diagram of the
same is shown in Figure 6. The actuator (stepper motor) placed on the elbow joint was used to
control the tremor.
The arm model was excited multiple number of times using a spring connected to the
bottom of the lower aluminum hand arm model. This data was given as an input to the PID
controller where the output was fed to the actuator to control the tremor. Tuning the gains for the
PID controller, shown in Figure7, was done according to the Ziegler-Nichols (Z-N) oscillation
Method. The gains appeared to be 0.4 for Proportional, 0.3 for Integral and 0.11 for Derivative.
The results in Figures 8-10 show that the control system built was able to counteract the tremor
by driving up the stepper motor when the accelerometer senses it.

9

Figure 6: S. Ghanti’s block diagram [6]

Figure 7: S. Ghanti’s LABVIEW design [6]
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Figure 8: Tremor with PID control[6]

Figure 9: Tremor with PID control for a time period[6]
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Figure 10: Error[6]

CHAPTER 2
HARDWARE COMPONENTS

2.1. Introduction
This thesis involves the hardware implementation of sensing and designing of a controller
to control the angular vibrations of the tremor. The hardware components used in this thesis are a
sensor, an actuator, a data acquisition system and a power supply unit. An actuator is a motor
that is responsible to convert electrical energy to mechanical torque. Stepper motor is used as an
actuator in this thesis. After some research on sensors, the sensor that is found to be ideal to
measure angular vibrations is gyroscope. The data acquisition system that is chosen is Arduino
UNO which is reliable and able to receive samples at higher rates. Further description of these
components is given in this chapter.

2.2. Sensor: Gyroscope Module L3G4200D
The Gyroscope module L3G4200D is a 3-axis angular rate sensor that tracks motion in
three axes, X,Y,and Z , shown in Figure 11, and provides data values for raw X,Y and Z. The
sign of the values indicates the direction of rotation. This module is designed for various
microcontrollers with different voltage requirements. [10]
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Figure 11: Three-axis rotation sensed by gyroscope [10]

The 3-axis L3G4200D gyroscope is shown in Figure 12[10] The pin outs for the
gyroscope are shown in Figure 13 with the basic wiring in Figure 14.

Figure 12: Three-axis gyroscope L3G4200D [10]

2.2.1 Features [10]


3-axis angular rate



Supports I2C and SPI communications



Three selectable scales: 250/500/2000 degrees/sec (DPs)



High shock survivability
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Embedded



Embedded power-down and sleep mode



16-bit-rate value data output



8-bit temperature data output

temperature

sensor

-40

to

+185

°F

(-40

to

+

85

2.2.2 Key Specifications [10]


Power requirements: 2.7 to 6.5 VDC



Communication interface: I2C (up to 400 kHz) or SPI (10 MHz; 4 & 3 wires)



Operating temperature: -40 to +185 °F (-40 to +85 °C)



Dimensions: 0.85 X 0.80 in (2.16 X 2.03 cm)

Figure 13: Pins of 3-axis gyroscope [10]
gyroscope

Figure 14: Basic wiring for 3-axis [10]

°C)
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Table 1: Pins of 3-Axis Gyroscope L3G4200D [12]

Pin

Name

Type

Function

GND

G

Ground Pin

VIN

P

Supply Voltage (2.7- 6.5 Volts DC)

1
2
I2C/SPI Mode Selection
CS

I

3

1: I2C Enabled
0:SPI Enabled

SCL

I

I2C/SPI Serial Clock

4
I2C Serial Data (SDA)
SDA/SD1/SD0

IO

5

SPI Serial Data Input (SDI)
3 wire interface serial data output(SD0)

SD0

O

SPI Serial data Output (SD0)

1NT1

O

Programmable Interrupt

INT2

O

Data Ready/FIFO interrupt

6
7
8

Pin Type: G - Ground
I - Input
O - Output
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2.3 Data Acquisition System: Arduino UNO
2.3.1 Introduction
An Arduino, shown in Figure 15 is an open-source prototyping platform based on
ATMEGA microcontroller. [6] It has 14 digital input/output pins (of which six can be used as
PWM outputs), six analog inputs, a 16 MHz crystal oscillator, a USB connection, a power jack,
an ICSP header, and a reset button[11]. Arduino is built with everything needed to support
microcontroller which can be programmed by connecting to a computer through a USB cable.

Figure 15: Arduino UNO [11]
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2.3.2 Technical Specifications [11]
Table 2: Technical Specifications of Arduino UNO [11]

Microcontroller

ATmega 328

Operating Voltage

5V

Input Voltage(recommended)

7-12 V

Input Voltage ( limits)

6-20 V

Digital I/O Pins

14 (of which 6 provide PWM output)

Analog pins

6

DC Current per I/O pin

40mA

DC Current for 3.3 V pin

50mA

Flash Memory

32KB of which 0.5 KB used by boot loader

SRAM

2KB

EEPROM

1KB

Clock Speed

16MHz

2.3.3 Power
There are two ways to power Arduino UNO, one of which is via USB connection to
computer and the other is using an external power supply as shown in Figure 16. This external
power supply can be from an AC-DC adapter or a battery. The recommended range for the
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external power supply is 7-12 volts. In this thesis, Arduino UNO is powered by the USB
connection. The power pins available for jumper boards are shown in Figure 17.

Figure 16: Power sources for Arduino Uno [11]

Figure 17: Power pins of Arduino UNO [11]


VIN: The input voltage can be applied to Arduino through this pin, or if the voltage is applied
via the power jack, it can be accessed from this pin.



5V: The input supplied to the board depends on the source of supply which can be either from
DC power jack (7-12V), the USB connector (5V) or Vin pin (7-12V). This pin yields a regulated
5V output voltage from the input applied.



3V3: The voltage regulator on the board generates a voltage of 3.3V on this pin. the maximum
current drawn is 50mA.
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GND: Ground pin.



IOREF: Voltage reference for the operation of Arduino UNO is provided by this pin.

2.3.4 Communication
The Arduino UNO board facilitates the communication with other Arduino,
microcontroller, sensor and computer. The microcontroller on the board allows USART serial
communication through the TX and RX pins on the board. The serial monitor of the Arduino
software allows simple text data to and from Arduino board. When the data is being transmitted,
the TX/RX LEDs will flash accordingly[11]. In this thesis, two communication protocols, I2C
and SPI, which are supported by Arduino Uno are used.

2.3.4.1 I2C Communication Protocol
In I2C communication protocol, shown in Figure 18, the message sent is split into two
frames: an address frame and date frame. Address frame consists of the address of the slave to
which the message is being delivered and the 8-bit data message is placed in the data frame. The
data is placed on the SDA line when SCL goes LOW and is sampled when SCL line goes
HIGH.[12]
Start Condition
The master device initiates the address frame by setting SCL high and SDA low. This
indicates all the slave devices that transmission is going to start. If two master devices wish to
transmit the data simultaneously, the one that set SDA low first gains control of the bus.[12]
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Address Frame
Master starts the communication by sending the address frame indicating the address of
the slave to which the data is being transmitted along with the indication of type of operation
(Read: 1 Write: 0). Having received the address frame sent by master, the slaves compare it with
their own addresses. If the address matches, that particular slave sends an acknowledge signal to
the master.
Data Frames
Once the master receives the acknowledgement signal, the data transmission will begin.
The clock pulses will be generated continuously by the master at regular intervals and the data
will be placed on SDA by master or slave depending on the type of operation.

Stop Condition
Once the data transmission has been done, the stop condition will be generated by the
master. The stop condition will be indicated either by low to high or high to transition on SDA
line with the SCL line still high.
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Figure 18: Working of I2C communication protocol [12]

2.3.4.2 I2C Protocol in Arduino UNO
In this thesis, Arduino is programmed to communicate with gyroscope in a Master
Reader/Slave Sender configuration via the I2C communication protocol. In order to achieve this
communication, Arduino wire functions are used. Arduino, the master, is programmed to read
data from the uniquely addressed slave, gyroscope as shown if Figure 19. The data received from
the gyroscope is viewed in Arduino serial window. The communication between Arduino and
gyro takes place in the same procedure as explained earlier in I2C protocol.
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A
R
D
U
I
N
O

5V

Vin

GND

GND

A4

SDA

3.3V
A5

SD0
SCL

G
Y
R
O
S
C
O
P
E

Figure 19: Connections of Arduino with Gyroscope

2.4 Power Supply
2.4.1. Introduction
Power supply is an electronic device which supplies electrical energy to electrical load.
Every piece of electronic equipment is powered from a DC source, be it a battery or a DC power
supply. Most of this equipment not just requires a regulated DC voltage. The DC voltage source
used in this thesis is a 12V battery with specifications as given in Table 3.
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Table 3: Technical Specifications of Battery [13]

General Specifications
Dimensions:
Length

3.54 inches

90 millimeters

Width

2.76 inches

70 millimeters

Height

4.02 inches

102 millimeters

Height over Terminals

4.21 inches

107 millimeters

Approximate Weight

4.10 pounds

1.90 kilograms

Quick disconnect tabs (0.187" x 0.032")
Quick disconnect tabs (0.250" x 0.032")

Terminals:
Case:

ABS Plastic

Electrical Specifications
Nominal Voltage:

12 Volts (6 cell in series)

Nominal Capacity:
20 hour rate

(250mA to 10.50 volts)

5.0 AH

10 hour rate

(470mA to 10.50 volts)

4.7 AH

5 hour rate

(900mA to 10.20 volts)

4.5 AH

1 hour rate

(3800mA to 9.00 volts)

3.8 AH

Energy Density (20 hour rate)
Specific Energy (20 hour rate)
Internal Resistance (Fully Charged
Battery)

1.53 Watt-hours/cubic
93.4 Watt-hours/l
inch
32.0 Watt14.5 Watt-hours/pound
hours/kg
17.3 milliohms (approx.)

2.4.2 Voltage Regulator
A voltage regulator is an electrical regulator designed to automatically maintain a
constant voltage level. The 78XX family is a very popular choice for many electronic circuits
which require a regulated power supply, due to their ease of use and low cost. The XX is
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replaced with the two-digit number which indicates the output voltage that particular IC is
designed to provide. These ICs provide a voltage positive relative to a common ground.

IC 7805
IC 7805, shown in Figure 20, is a three-terminal voltage regulator which is designed to
yield a positive output voltage of 5V irrespective of the input applied. In addition to this, this IC
provides local regulation, internal current limiting, thermal shut-down control, and safe area
protection for the project.

Features:






Output Voltage: 5V
Output Current: 1.5A
Thermal Overload Protection
Short Circuit Protection
Output Transition SOA Protection

Figure 20: Pin Diagram of IC 7805 [13]
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2.5 Stepper Motor
2.5.1. Introduction
A stepper motor is an electrical motor that converts digital pulses into mechanical shaft
rotations[14]. A discrete number of steps constitute a revolution and the motor must be sent a
pulse for each step. In this thesis, the stepper motor is rotated using the speed command of the
Arduino. The speed of the stepper motor in this thesis is 400 rpm and it takes 20 steps for one
single rotation. As the digital pulses increase in frequency, the step movement changes into
continuous rotation, with the speed of rotation directly proportional to the frequency of the
pulses [14]. A picture of an example stepper motor is shown in Figure 21.

Figure 21: Stepper motor [14]

2.5.2. Motor Driver
Every motor requires a motor driver to govern the performance of the motor. It may be
used to start or stop a rotation of a motor, to determine the direction of rotation, select or regulate
the speed or torque, or to protect against overloads. The motor driver used to drive the stepper
motor in this thesis is L293D motor driver which is shown in Figure 22.
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Figure 22: L293D [14]
L293D acts as a current amplifier as it takes an input of less current and yields high
current which is required to drive a motor. This IC consists of two H bridge circuits and is
capable of stepper motor both in forward and reverse directions The connection pins are shown
in Figure 23. The motor operation is controlled by the input logic given at the pins 2,7 and
10,15. For the motor operation to start, the enable pins 1,9 must be HIGH. The pin configuration
of L293D and the input logics given to the motor driver and the number of steps corresponding
to that input logic are as shown in Table 4.

Figure 23: Pin Configuration of L293D [14]
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Table 4: Input Logics for Stepper Motor Control [13]
Input 1

Input2

Input 3

Input 4

Step#

1

0

1

0

1

0

1

1

0

2

0

1

0

1

3

1

0

0

1

4

In this thesis, the stepper motor rotations are determined by writing a code in Arduino
Uno with the help of built-in stepper library. For this we need a stepper motor and an appropriate
driver to control the stepper motor. The connections of the driver and the motor are as shown in
Figures 24-26.

28

Figure 24: L293D connections with stepper motor [11]
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Figure 25: Hardware for stepper control [11]
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Figure 26: Connections of motor driver with Arduino
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CHAPTER 3
PRINTED CIRCUIT BOARD (PCB) DESIGNING

3.1 Introduction
Design of PCB is done using ISOPRO software and T. Tech Quick Circuit System
hardware. Various layers are designed using ISOPRO and each layer's purpose is different from
any other layer. To drill and etch, we need drill bits and end mills respectively. In this thesis,
PCB is designed for voltage regulator and motor driver. There are four layers in the designed
PCB. The layers 2, 3, and 4 are designed through Quick Circuit Systems. The four layers are:
1. Design of bottom layer with traces (Figure 27)
2. Design of bottom layer with hole-making spots(Figure 28)
3. Design of isolation layer (Figure 29)
4. Design of rubout layer (Figure 30)
.
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Figure 27: Bottom layer with traces

3.2 Designing Procedure
As it is a one-sided PCB design, it is completely made on the bottom side of the copper
clad. For making this PCB we need a schematic diagram. Traces can be drawn by dragging the
mouse in ISOPRO without crossing one line over another line. Figure 28 depicts the bottom
layer designed for making the PCB for the schematic.

Figure 28: Bottom layer with hole-making spots
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This layer is responsible for making the holes for the PCB. After making the design
shown in Figure 28, the data automatically pass through the PCB design equipment (Quick
Circuit Systems) to drill with a suitable driller at the exact position. For making these holes we
can use the first layer as a reference and after making them we can hide that layer so that the
resultant diagram has easy-to-see holes.

Figure 29: Bottom layer with isolation
This is called the isolation layer as it isolates the bottom layer with traces with a sky-blue
color around it. As we need the blue (copper) portion that we draw in figure 29 on the copper
clad, we need an isolation layer to separate the trace from the bottom surface of copper clad. We
don’t have to do it manually; ISOPRO has Isolate option that will do this task. After making the
design shown in figure 30, the data automatically pass through the PCB design equipment
(Quick Circuit Systems) to etch with suitable mill at the exact position shown in Figure 30.
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Figure 30: Bottom Layer with Rubout

Finally, the rubout layer is used to remove the unwanted portion of the board. Figure 31
depicts the rubout layer. We don’t have to do it manually; ISOPRO has a Rubout option that will
do this task. After making the design shown in Figure 31, the data automatically pass through the
PCB design equipment (Quick Circuit Systems) to etch with a suitable mill at the exact position
shown.

3.3 Working
In this thesis, the PCB was designed for the voltage regulator and the motor driver
together. The inputs for the voltage regulator are given from the 12V battery. The voltage
regulator IC 7805 converts the 12 V to 5V. As the voltage driver, L293D requires 5V supply;
this 5V supply obtained from the voltage regulator acts as the input to the driver.
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The complete hardware circuit wiring diagram is as shown in the Figure 31 through
which the connections between the pins of all the devices can be easily understood and the
working can be explained.

Figure 31: Basic Wiring Diagram
The stepper motor driver is driven by the commands given by Arduino UNO and
the motor driver runs the stepper motor according to it. The gyroscope will sense the vibrations
and the data is fed into Arduino UNO which is in interfaced to the LabVIEW through the USB
cable. The components are supplied with the necessary input voltages from the 12V battery and
the 5V from output of voltage regulator.

CHAPTER 4
WIRELESS SENSING USING SMARTPHONE
4.1. Introduction
The alternative method involves the implementation of a smartphone application that
senses the tremor vibrations, and data is transferred to a laptop wirelessly. The smarTphone
application can be downloaded easily, and when the person holds the phone, the tremor is
measured by the inbuilt gyroscope that is present in the Smartphone. The gyroscope reads the
values of roll, pitch and yaw and will be displayed in the application. The application which has
been used in this thesis is Sensor Log, whose user interface of the application looks as seen in
Figure 32.

Figure 32: User interface in the smartphone
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The values of roll, pitch and yaw are displayed in radians. For the data to be transmitted
from the Smartphone to the laptop, the socket IP and socket port are to be set in the laptop that
matches with those of the smartphone (shown in Figure 33). Once the settings are configured, the
devices will be connected and will be ready for communication to occur.

Figure 33: Socket values of the smart phone.

The main criterion for the communication to occur between these devices is that they
have to be connected to the same LAN. To avoid any data loss, it is better if the devices
communicate by following a particular protocol. The communication between the smartphone
and the laptop is done by TCP/IP protocol.
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4.2 TCP/IP
TCP/IP is named after the most significant protocols: Transmission Control Protocol
(TCP) and Internet Protocol (IP). The basic structure of this protocol is shown in Figure 34, and
it is the basic protocol used in the internet. Transmission control protocol converts the message
that is transferred into small packets and TCP layer is responsible for the reconstruction of
original data from these packets. Internet Protocol keeps track of the address part of each packet
and allows the transmission to the right destination.
The main goal of the TCP/IP is interconnection of networks or simply called internet
which provides the communication between hosts and clients of different networks. TCP/IP
consists of various layers which communicate with each other to form a robust communication
system. IP layer is responsible for transfer of data from one client to another client without
providing any guarantee of reliable delivery. Transmission Control stays above the Internet
Protocol filling the void by providing the applications with reliably and perfectly in data
delivery.

Figure 34: TCP/IP Protocol [15]

CHAPTER 5
LABVIEW PROGRAMMING
5.1

LabVIEW

PROGRAMMING

WHEN

DATA

IS

SENSED

BY

GYROSCOPE
After the completion of design of hardware, a program has to be developed which reads
the data that is being sensed using gyroscope, and analysis of this data has to be done. Any
programming basically involves analysis, understanding and generically solving a problem with
the design and verification of an algorithm. Initially this programming was text oriented and the
user has to learn a set of complex commands in order to write a program. Graphical user
interface programming, which is very popular now, simplified the user interaction with the
computer by replacing program commands with visual elements.
Arduino can be used to develop programming taking inputs from various sensors and
control the motors and other peripherals with the inputs obtained from these sensors. Arduino
projects can be stand-alone, or they can communicate with software running on your
computer[11]. In this thesis Arduino is interfaced with LabVIEW graphical programming
environment, which is used by millions of engineers and scientists to develop sophisticated
measurement, test, and control systems using intuitive graphical icons and wires that resemble a
flow chart[11].The stepper motor is programmed to rotate at a speed of 400rpm using Arduino
and the vibrations thus produced by stepper motor in the designed arm model are sensed using a
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gyroscope. The code for the same can be seen in Appendix B. The vibrations thus produced by
the stepper motor in the designed hand model are sensed using a gyroscope. The protocol used
for the communication between the gyroscope and the Arduino (see Appendix B for code) is I2C
communication, and interfacing gyroscope with Arduino gives the values of raw X, Y and Z
continuously in string format. These X, Y and Z values are separated by a symbol '~'. By
selecting the COM port in the front panel of the LabVIEW, as shown in figure 35, the values of
raw X,Y and Z can be imported into LabVIEW.

Figure 35: Selecting COM port in LABVIEW
As it is difficult to analyze string data, the data values X, Y and Z are converted to bytes
as shown in the LabVIEW block diagram of figure 36.
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Figure 36: Conversion of string data to bytes

After the conversion of the string data, the data values obtained are the ASCII
representations of the original data. The symbol '~' with an ASCII representation of 126 has to be
separated from the data (figure 37). These ASCII values have to be converted to normal numeric
values (figure 38).

Figure 37: Separation of the symbol '~' from data
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Figure 38: Conversion of ASCII data of X to numeric values
In the similar way, all the three-axis data is converted from ASCII to numeric values and
the waveforms are plotted.

5.2

LabVIEW

PROGRAMMING

WHEN

DATA

IS

SENSED

BY

SMARTPHONE APPLICATION
As shown in figure 39, LabVIEW code has been written that obtains the sensor
application data from the serial monitor into the LabVIEW. The data obtained from sensor
application is continuous and it is difficult to differentiate the values. The values obtained in the
sensor application will be in radians. With the LabVIEW code developed, it is easy to interface
the sensed data to the LabVIEW, which can be processed further to plot the graphs.
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Figure 39: Program for sensing by Smartphone application

CHAPTER 6
RESULTS
6.1 RESULTS WHEN TREMOR IS SENSED USING GYROSCOPE
The vibrations are produced in the demonstration hand model using stepper motor, driven
by stepper driver (L293D) that receives commands from Arduino. These vibrations are measured
by the gyroscope connected to the hand model. The readings obtained from the gyroscope are
continuous string data which is separated by the special character '~' by the Arduino code and
will be displayed on the serial monitor as shown in figure 40.

Figure 40: Serial monitor readings
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A LABVIEW code has been written that obtains the gyroscope data from the serial
monitor into the LABVIEW. The input COM port to which the arduino is connected is to be
selected in the front panel of LABVIEW and the baud rate has to be set. The baud rate used in
this thesis is 9600. The data obtained from the gyroscope is a string and it is difficult to
differentiate the values of X, Y and Z. Hence these values are first separated using a special
symbol '~' using Arduino code. Later this string is converted into ASCII values. ASCII values
are sorted into three arrays taking the special symbol '~' as the reference. Then the X, Y and Z
values which are in ASCII format are converted to numeric.
The values of raw X, Y and Z values are plotted against the time on separate plots which
are as shown in figures 41- 43. The Y-axis represents the amplitude of these raw X, Y and Z
which is the total rotation of the gyroscope with respect to the initial position of the gyroscope,
which assumes to be the origin. The X-axis represents the time of rotation. The X-axis and Yaxis of these plots are auto scaled.
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Figure 41: Raw X vs time

Figure 42: Raw Y vs time plot
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Figure 43: Raw Z vs time plot
Looking at these plots, it can be inferred that the tremor signals are roughly sinusoidal
and almost rhythmic.

6.2. RESULTS WHEN TREMOR IS SENSED BY SMARTPHONE
APPLICATION
The data obtained from the application of smartphone is transmitted to the laptop
wirelessly with TCP/IP. The module IP and the port number of the smartphone are selected in
the laptop such that the devices are connected. Once the IP and port are set, a message will be
displayed showing that the laptop is connected to the particular smartphone. Then all the data
according to the movement of smartphone will be displayed on the serial monitor which is as
shown in the figure 44.
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Figure 44: Serial window of tremor data sensed with smart phone app

The values of roll, pitch and yaw are plotted against the time on separate plots which are
as shown in the figures 45 - 47. These figures represent the amplitude of represents the roll, pitch
and yaw in degrees which are plotted against time.
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Figure 45: Roll plotted against time

Figure 46: Pitch plotted against time
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Figure 47: Yaw plotted against time

CHAPTER 7
CONCLUSION
Various human arm models have been tried and a best human hand model was designed
to demonstrate the angular vibrations of tremor. An arduino UNO code was developed to
produce the desired vibrations in the model designed using the stepper motor and stepper motor
driver. The angular vibrations are sensed using the gyroscope which senses the three axis
vibrations. The data was obtained in the National Instruments LABVIEW software and is
analyzed. The raw X, Y and Z values as a function of time were plotted in the LABVIEW .
An alternative method for the wireless sensing of the tremor vibrations has been
proposed. The data is analyzed and the waveforms of raw, pitch and roll have been plotted as the
functions of time. The results in both the methods show that the data sensed can be used to
develop

a

control

system

that

can

counteract

the

tremor

vibrations.

CHAPTER 8
FUTURE WORK
The human hand model can be designed according to the human hand specifications.
Various control strategies can be analyzed and a suitable control system has to be designed to
counteract the sensed tremor vibrations. The stability of the system has to be analyzed. More
work can be done in the wireless sensing of tremor vibrations by replacing the smartphone with
any module that can be interfaced wirelessly with the laptop, and a control strategy can be
developed. Research can be done to find a better component that counteracts the tremor
vibrations other than stepper motor because stepper motor is not a better thing to install on the
human hand to counteract the tremor.
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APPENDICES
A. HUMAN HAND ARM MODELS
The first model has been designed using a half-cut white board cleaner bottle with a shaft
inserted into it and that is mounted on the shaft of the stepper motor which is connected to the
programmed Arduino UNO through the stepper motor driver on the bread board as shown in
figure 48. Using this model, the vibrations were successfully produced with the program dumped
into the Arduino UNO that runs the stepper motor. But the limitation of this model was mounting
another stepper motor that is supposed to counteract the vibrations produced by the first stepper
motor.

Figure 48: Human arm model Design1
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In order to overcome the limitation of the first design, another human arm model was
designed with the same equipment but replacing the bottle which is as shown in the figure 49.
The limitation for this model was the height conflict of the shafts of both the stepper motors.
With this arrangement, the shafts of the stepper motors do not lie on the same axis , which
disturbs the system.

Figure 49: Human arm Design 2
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The final design, shown in figure 50, overcomes the limitations of the above two designs.
This is the present working model and it consists of a plastic tube placed in between and attached
to the shafts of the two stepper motors.

Figure 50: Human arm Design 3

B. CODE TO READ DATA FROM GYROSCOPE
#include <Wire.h>
#define CTRL_REG1 0x20
#define CTRL_REG2 0x21
#define CTRL_REG3 0x22
#define CTRL_REG4 0x23
int Addr = 105;

// I2C address of gyro

int x, y, z;
void setup(){
Wire.begin();
Serial.begin(9600);
writeI2C(CTRL_REG1, 0x1F);

// Turn on all axes, disable power down

writeI2C(CTRL_REG3, 0x08);

// Enable control ready signal

writeI2C(CTRL_REG4, 0x80);

// Set scale (500 deg/sec)

delay(100);
}

// Wait to synchronize
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void loop(){
getGyroValues();

// Get new values

// In following Dividing by 114 reduces noise
Serial.print("~"); Serial.print(x / 114);
Serial.print("~"); Serial.print(y / 114);
Serial.print("~"); Serial.println(z / 114);
delay(100);

// Short delay between reads

}
void getGyroValues () {
byte MSB, LSB;
MSB = readI2C(0x29);
LSB = readI2C(0x28);
x = ((MSB << 8) | LSB);
MSB = readI2C(0x2B);
LSB = readI2C(0x2A);
y = ((MSB << 8) | LSB);
MSB = readI2C(0x2D);
LSB = readI2C(0x2C);
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z = ((MSB << 8) | LSB);
}
int readI2C (byte regAddr) {
Wire.beginTransmission(Addr);
Wire.write(regAddr);

// Register address to read

Wire.endTransmission();

// Terminate request

Wire.requestFrom(Addr, 1);

// Read a byte

while(!Wire.available()) { };

// Wait for receipt

return(Wire.read());

// Get result

}
void writeI2C (byte regAddr, byte val) {
Wire.beginTransmission(Addr);
Wire.write(regAddr);
Wire.write(val);

C. CODE TO DRIVE STEPPER MOTOR
#include <Wire.h>
#include <Stepper.h>
#define CTRL_REG1 0x20
#define CTRL_REG2 0x21
#define CTRL_REG3 0x22
#define CTRL_REG4 0x23
const int stepsPerRevolution = 20;
int Addr = 105;

// I2C address of gyro

int x, y, z;
Stepper myStepper(stepsPerRevolution, 8, 9, 10, 11);
void setup(){
myStepper.setSpeed(400);
Wire.begin();
Serial.begin(19200);
writeI2C(CTRL_REG1, 0x1F);

// Turn on all axes, disable power down
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writeI2C(CTRL_REG3, 0x08);

// Enable control ready signal

writeI2C(CTRL_REG4, 0x80);

// Set scale (500 deg/sec)

}
void loop(){
getGyroValues();

// Get new values

// In following Dividing by 114 reduces noise
Serial.print("~"); Serial.print(x / 114);
Serial.print("~"); Serial.print(y / 114);
Serial.print("~"); Serial.println(z / 114);
// step one revolution in the other direction:
myStepper.step(stepsPerRevolution);
myStepper.step(-stepsPerRevolution);
// Short delay between reads
}
void getGyroValues () {
byte MSB,LSB;
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MSB = readI2C(0x29);
LSB = readI2C(0x28);
x = ((MSB << 8) | LSB);
MSB = readI2C(0x2B);
LSB = readI2C(0x2A);
y = ((MSB << 8) | LSB);
MSB = readI2C(0x2D);
LSB = readI2C(0x2C);
z = ((MSB << 8) | LSB);
}
int readI2C (byte regAddr) {
Wire.beginTransmission(Addr);
Wire.write(regAddr);
Wire.endTransmission();

// Register address to read
// Terminate request

Wire.requestFrom(Addr, 1);

// Read a byte

while(!Wire.available()) { };

// Wait for receipt

return(Wire.read());
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void writeI2C (byte regAddr, byte val) {
Wire.beginTransmission(Addr);
Wire.write(regAddr);
Wire.write(val);
Wire.endTransmission();}

D. FLOW CHART FOR WORKING OF LABVIEW CODE

Input Port Selection

Serial Port Configuration
String to ASCII
Conversion Algorithm
ASCII to Numeric
Conversion Algorithm
Waveform Display

E. ASCII TABLE FOR NUMBERS

